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SUBJECT: Requirements for Environmental Data in Support o 

Manned Space Flight 

the Apollo Program (U) - Issue IV,~RP-001-001-1 
( Confidential ) 

The attached document "Requirements for Environmental Data in 
Support of the Apollo .Program (U) - Issue IV," RP-001-001-1 
( Confidential) , replaces "Requirements for Data in Support of 
Project Apollo (U - Issue 111" (Confidential) transmitted to 
you on February "A, 1964. The document lists the environmental 
data which must be obtained to support the A p o l l o  Program. It 
is anticipated that these data can be furnished by OSSA and 
OART. This document is also being sent to the Associate Admin- 
istrator for Advanced Research Technology. 

While some revisions have been made in.the fundamental data 
requirements, this issue in addition sets forth procedures 
whereby the required environmental data and necessary support- 
ing information can be furnished more effectively to the Apollo 
Program. Details on the nature and schedule of the response 
I n n m l l n Q + n A  ~;YULhJ"LU U I  Q-on u i A A A . , & . . . - - -  no1 i i i i ~ d  in ?-.he docllrnent ~ 

To facilitate the work called for by the document, I suggest 
that one official in each office (OMSF, OART, OSSA) be desig- 
nated to be responsible for coordination. Upon your concur- 
rence, I request that the designation of the OSSA official be 

g=Zgs$: sent to the Apollo Program Director, Major General S. C. 
5; - >:-+ -1 Phillips, a-c an early date so that contact may be established 

with the OMSh' coordinator, Dr. L. Reiffel, MA. 

As cal1,ed for in the document, I also propose that the procedure 
for registering agreement on supporting piqogi7Zms be lmplementcd. 
.The official authorized to act for OMSF is Major General S. C. 
Phillips. 
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1 . 0  I N T R O D U C T I O N  

1.1 Purpose  

The p u r p o s e  o f  t h i s  document i s  t o  d e f i n e  
e n v i r o n m e n t a l  data needed  t o  s u p p o r t  t h e  Apol lo  program. 

1 . 2  ScoDe 

T h i s  document l i s t s  t h e  p r i n c i p a l  e n v i r o n m e n t a l  
hazards  t o  Apol lo .  It i d e n t i f i e s  t h e  e n v i r o n m e n t a l  data 
r e q u i r e d  t o  overcome o r  avoid  these  hazards .  It c l a s s i f i e s  
t h e  r e q u i r e d  data as c r i t i c a l  o r  s u p p o r t i n g .  R e p o r t i n g  
p r o c e d u r e s  are  d e f i n e d  as t o  c o n t e n t  and s c h e d u l e .  Commun- 
i c a t i o n  c h a n n e l s  are e s t ab l i shed  b o t h  by e s t a b l i s h i n g  r e p o r t i n g  
p r o c e d u r e s  and by f o r m a l i z i n g  l i a i s o n  t h r o u g h  t h e  d e s i g n a t i o n  
of  a s i n g l e  o f f i c i a l  i n  each  o f f i c e  r e s p o n s i b l e  f o r  o v e r a l l  
c o o r d i n a t i o n .  P r o v i s i o n  f o r  r e g i s t e r i n g  agreement  on s u p p o r t i n g  
programs i s  made. 

The d e s i g n ,  per formance ,  and t e s t  r e q u i r e m e n t s  f o r  
t h e  Apol lo  program are d e l i n e a t e d  i n  t h e  Apol lo  Program 
S p e c i f i c a t i o n . *  The s t a n d a r d  env i ronmen ta l  data  f o r  t h i s  

*Program Document SE 005-001-1, May 1 9 6 5  
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s p e c i f i c a t i o n  are c o n t a i n e d  i n  t h e  Program Document, N a t u r a l  
Environment and P h y s i c a l  S t a n d a r d s  f o r  t h e  Apol lo  Program" which 
c o n t a i n s  c u r r e n t  b e s t  estimates o f  t h e  envi ronment  t h e  
sys t em w i l l  e n c o u n t e r .  S i n c e  some o f  these  estimates are based on 
i n s u f f i c i e n t  data ,  confo rmi ty  w i t h  t h e  e n v i r o n m e n t a l  document 
does n o t  always a v o i d  t h e  p o s s i b i l i t y  o f  undue h a z a r d  t o  t h e  
m i s s i o n  w i t h  t h e  consequence  o f  program d e l a y ,  o r  o v e r l y  conserv-  
a t i v e  d e s i g n .  Recogn iz ing  t h i s  f a c t ,  t h e  O f f i c e  o f  Manned Space 
F l i g h t  i n  t h i s  document i d e n t i f i e s  c e r t a i n  e n v i r o n m e n t a l  data  as 
r e q u i r e d  w i t h i n  a c e r t a i n  time frame i f  t h e  g o a l s  o f  t h e  Apol lo  
program are  t o  be a c h i e v e d  e x p e d i t i o u s l y  and w i t h  h i g h  c o n f i d e n c e .  

1 . 4  D e f i n i t i o n s  

NECESSARY DATA 

The e n v i r o n m e n t a l  data  o f  a c l a s s  o r  k i n d  s u f f i c i e n t  
t o  t h e  needs  o f  t h e  Apol lo  Program. (When t h e  p r e s e n t l y  a v a i l a b l e  
da ta  a r e  n o t  s u f f i c i e n t ,  a d d i t i o n a l  data are " r e q u i r e d " .  ) 

REQUIRED DATA 

E n v i r o n n e n t a l  data which are n o t  s a t i s f a c t o r i l y  known 
and which must b e  o b t a i n e d .  The r e q u i r e d  data are d i v i d e d  i n t o  
two c a t e g o r i e s  i n  o r d e r  o f  d e c r e a s i n g  p r i o r i t y ,  " C r i t i c a l  Data" 
and "Suppor t ing  Data" : 

C r i t i c a l  Data 

C r i t i c a l  Data are needed b e c a u s e  e x i s t i n g  data  are  
i n s u f f i c i e n t  t o  g u a r a n t e e  t h e  adequacy o f  e x i s t i n g  d e s i g n  and 

* 
Program Document M-D E 8 0 2 0 . 0 0 8 ~  ( S E  015-001-l) ,  A p r i l  1965 
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m i s s i o n  p l a n n i n g .  The data are  c r i t i c a l  i f  t h e  a t t e n d a n t  
r e s u l t  o f  t h e i r  i n s u f f i c i e n c y  c o u l d  have u n f a v o r a b l e  program 
Impact .  The data r e q u e s t e d  are i n  g e n e r a l  e n g i n e e r i n g  da ta ,  
2nd are  d i r e c t l y  a p p l i c a b l e  t o  e n v i r o n m e n t a l  models .  

Suppor t  i n g  Data 

S u p p o r t i n g  data  may (1) b e  f f s c i e n t i f i c f f  data c o n t r i b u t -  
ing t o  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  environment  and t h e r e f o r e  
i ~ i c ? e a s i n g  t h e  u s e f u l n e s s  of c r i t i c a l  data;  o r  ( 2 )  b e  e n g i n e e r i n g  
ridit a of  l e s se r  i m p a c t ,  l e a d i n g  t o  improvement i n  d e s i g n  e f f i c i e n c y  
and  o p e r a t i o n .  

SUPPORTING PROGRAM 

A s  u sed  i n  t h i s  document a s u p p o r t i n g  program i s  an 
? ? f o r t  which i f  s u c c e s s f u l  w i l l  p r o v i d e  data  r e q u e s t e d .  It may 
c o n s i s t  o f  a l l  o r  a p o r t i o n  o f  t h e  e x p e r i m e n t s  on a se r ies  o$ 
s p a c e  f l i g h t s  o r  on a s i n g l e  space  f l i g h t ,  o r  o f  on ly  a s i n g l e  
r e s e a r c h  c o n t r a c t .  It i s  o r d i n a r i l y  an  e f f o r t  o f  such  scope  
that o n l y  a s i n g l e  i n v e s t i g a t o r  o r  a small number o f  i n v e s t i g a t o r s  
is a s s o c i a t e d  w i t h  i t .  

1 .5  Related Documents 

a. ::atural Environment  and P h y s i c a l  S t a n d a r d s  f o r  t h e  
Apol lo  Program, M-D E 8020.008B ( S E  Ol5-OOl-l), 
A p r i l  1 9 6 5 .  

b .  Apol lo  Program S p e c i f i c a t i o n ,  SE O O 5 - O O l - l ,  May 
1965 ( c o n f i d e n t i a l ) .  

c .  Apol lo  Program Development P l a n ,  J a n u a r y  1965 
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i . 0  R e v i s i o n  and Change 

This  document w i l l  be r e v i s e d  and r e i s s u e d  a n n u a l l y .  
T h i s  document w i l l  be amended and upda ted  as a r e s u l t  o f  t h e  
c e r t i f i c a t i o n  p r o c e d u r e s  s t a t ed  i n  4 . 3 .  O the r  s u g g e s t e d  changes  
skiauld be addressed t o  t h e  Apol lo  Program D i r e c t o r ,  OMSF. 
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2 . 0  ENVIRONMENTS 

2.1 Lunar  S u r f a c e  Environment 

2 . 1 . 1  I n t r o d u c t i o n  ( D e f i n i t i o n s  - Apol lo  I n t e r a c t i o n s  - Hazards )  

The Apol lo  s p a c e c r a f t  i n t e r a c t s  w i t h  t h e  l u n a r  s u r f a c e  
i n d i r e c t l y  f o r  n a v i g a t i o n a l  f i x e s ,  and d i r e c t l y  a t  touchdown. The 
s a f e t y  o f  Apol lo  LEM d u r i n g  t h e  touchdown o p e r a t i o n  i s  a f f e c t e d  
b y  t h e  c h a r a c t e r i s t i c s  o f  t h e  s u r f a c e  w i t h  which i t  i n t e r a c t s .  The 
i n t e r a c t i o n  o c c u r s  t h r o u g h  t h e  radar beams, th rough  t h e  l egs  o f  t h e  
v e h i c l e  and t h r o u g h  t h e  rocke t  e x h a u s t .  Exhaust  e f f e c t s  may modify 
Lcpography o r  i m p a i r  v i s u a l  and radar c o n t a c t  w i t h  t h e  s u r f a c e  
d u r i n g  approach .  P o t e n t i a l  h a z a r d s  which have been e n v i s a g e d  
i n c l u d e :  bo t toming  o r  t o p p l i n g  o f  t h e  v e h i c l e ,  c a t a s t r o p h i c  
s i n k a g e  o r  c o l l a p s e  o f  t h e  s u r f a c e ,  and r e a c t i o n s  due t o  s p e c i a l  
s u r f a c e  p r o p e r t i e s ,  e . g . ,  unexpec ted  chemica l  o r  e l e c t r o s t a t i c  
a c t i v i t y .  

2 . 1 . 2  Requi red  Data 

T h i s  paragraph summariz~s t h e  r e q u i r e d  c r i t i c a l  
data which are d i s c u s s e d  f u r t h e r  i n  2 . 1 . 4 .  The basis f o r  t h e  
d e t e r m i n a t i o n  o f  r e q u i r e d  d a t a ,  a d i s c u s s i o n  of  t h e  n e c e s s a r y  
data and t h e  e x t e n t  t o  which a v a i l a b l e  data are  s u f f i c i e n t ,  i s  
g i v e n  i n  2 .1 .3 .  

REQUIRED DATA ( C r i t i c a l )  

a. B e a r i n g  S t r e n g t h  

b .  Topography 

c .  J e t  E r o s i o n  

d. S i t e  L o c a t i o n  
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2 . 1 . 3  E f f e c t s  of t h e  Lunar S u r f a c e  Environment 

2 . 1 . 3 . 1  Necessary Data 

P r i o r  t o  a manned l a n d i n g ,  a t  l ea s t  one area o f  t h e  moon 
w i l l  have been  a c c e p t e d  as an  Apol lo  l a n d i n g  s i t e .  Acceptance w i l l  
i m p l y  t h a t  t h e  p r o b a b i l i t y  of  s u c c e s s  f o r  a m i s s i o n  d i r e c t e d  t o  t h i s  
a rea  and t h e  p r o b a b i l i t y  o f  crew safe ty  a t t r i b u t a b l e  t o  i n t e r a c t i o n  
w i t h  t h e  l u n a r  s u r f a c e  a r e  h i g h .  High c o n f i d e n c e  i s  d e s i r a b l e .  The 
n e c e s s a r y  data i n c l u d e  t h e  l o c a t i o n s  and c h a r a c t e r i s t i c s  o f  one o r  
more s u c h  s i t e s .  The areas must f a l l  w i t h i n  t h e  Apol lo  zone o f  
p r i m a r y  i n t e r e s t ,  bounded by 5' n o r t h  and 5' s o u t h  l a t i t u d e  and 
w i t h i n  45' west and 45O eas t  l o n g i t u d e .  

The s ize  of  an Apol lo  l a n d i n g  s i t e  i s  r e l a t e d  t o  t h e  LEM 
C . E . P . ,  and t h u s  depends on t h e  r e t u r n  from t h e  unmanned program 
i n c l u d i n g ,  p a r t i c u l a r l y ,  t h e  emplacement of  l a n d i n g  a ids .  Given 
o n l y  a s e t  o f  earth-based l andmarks ,  t h e  s i t e  has an  area o f  
1 0  km . I f  a h i g h l y  r e l i a b l e  marker i s  l e f t  on t h e  s u r f a c e ,  t h e  

2 a rea  may be  as small as 0 . 3  km . With  s u i t a b l e  approach  photo-  
g raphy ,  some i n t e r m e d i a t e  s i z e  w i l l  r e s u l t .  

2 

An Apollo l a n d i n g  s i t e  i s  " a c c e p t a b l e "  i f  i t  i s  d e t e r m i n e d  
b y  s u r v e y  t o  b e  95% s a f e  w i t h  h i g h  c o n f i d e n c e .  It may b e  assumed 
t h a t  t h e  a s t r o n a u t s  w i l l  u s e  t h e  maneuvering c a p a b i l i t y  o f  t h e  LEM 
t o  a c h i e v e  t h e  99% p r o b a b i l i t y  o f  sa fe  l a n d i n g  r e q u i r e d  b y  t h e  
Apol lo  Program S p e c i f i c a t i o n ,  g i v e n  a s u r f a c e  o n l y  95% safe .  A 
s u r f a c e  s u r v e y e d  t o  a l ower  c o n f i d e n c e  l e v e l  may a l s o  b e  s a t i s f a c t o r y  
i f  t h e  s u r f a c e  appears ve ry  safe .  The development  o f  d e t a i l e d  s i t e  
s u r v e y i n g  p l a n s  w i l l  b e  c o n t i n g e n t  upon t h e  r e s u l t s  o f  t h e  e a r l y  
unmanned m i s s i o n s ,  

2 .1 .3 .2  S t a t u s :  Cur ren t  I n f o r m a t i o n  

Data on t h e  l u n a r  s u r f a c e  a d e q u a t e  f o r  t h e  e v a l u a t i o n  of 
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Apol lo  l a n d i n g  s i t e s  are  l a c k i n g .  
i n f r a r e d ,  microwave, and r a d a r  data sugge.st a v a r i a b l e  porous  
i n s u l a t i n g  s u r f a c e  l a y e r  of  unknown d e p t h .  The Ranger p i c t u r e s  
g i v e  t o p o g r a p h i c  da ta  o v e r  very small areas. These data  sug- 
g e s t  t h a t  t h e  OMSF "Lunar Model a t  Touchdown P o i n t " *  i s  s u f f i -  
c i e n t l y  c o n s e r v a t i v e  w i t h  regard t o  small s c a l e  topography ,  and 
t h a t  t o p o g r a p h i c a l l y  s u i t a b l e  s i t e s  w i l l  n o t  be d i f f i c u l t  t o  
f i n d .  There are  no d i r e c t  d a t a  on s u r f a c e  b e a r i n g  s t r e n g t h .  

Earth-based p h o t o m e t r i c ,  

2 . 1 . 4  Requi red  Data ( I n  o r d e r  o f  p r i o r i t y )  

Data  r e q u i r e d  f o r  t h e  e v a l u a t i o n  o f  Apol lo  l a n d i n g  
sites are l i s t e d  below i n  p r i o r i t y  o r d e r .  The r e q u i r e m e n t s  
are d e r i v e d  from t h e  OMSF l u n a r  model* and from t h e  s t a t e m e n t s  
above conce rn ing  t h e  n e c e s s i t y  o f  obtaining a t  l ea s t  one a c c e p t a b l e  
s i t e  p r i o r  t o  a manned l a n d i n g .  

2.1.4.1 C r i t i c a l  Data 

The f o l l o w i n g  i n f o r m a t i o n  i s  c r i t i c a l l y  needed:  

( a )  B e a r i n g  S t r e n g t h  - The r e sponse  o f  t h e  s u r f a c e  t o  
s t a t i c  arid dyi-iamic I~ac?s  must b e  ~RO!*!E.  T h i s  i n c l i u d e s  
t h e  v a r i a t i o n  i n  r e sponse  w i t h  d e p t h  o f  p e n e t r a t i o n  - 
u n t i l  e i t h e r  a s u f f i c i e n t  s t r e n g t h  o r  a 50 cm d e p t h  
i s  r e a c h e d .  The measur ing  i n s t r u m e n t a t i o n  must be  
such  t h a t  i t  i s  p o s s i b l e  t o  e x t r a p o l a t e  t h e  r e t u r n e d  
data t o  l o a d s  t r a n s m i t t e d  b y  a pad 1 meter i n  
d i a m e t e r .  I n  t h e  s t a t i c  c a s e  t h e  l o a d  i s  1 p s i .  I n  
t h e  dynamic c a s e  t h e  l o a d  i s  1 2  p s i ,  a p p l i e d  a t  a 
maximum v e r t i c a l  v e l o c i t y  component o f  3 . 1  meters 
( 1 0  f e e t )  p e r  second a maximum h o r i z o n t a l  v e l o c i t y  
component o f  1 . 2  meters (4 f e e t )  p e r  second .  

( b )  Topography - The f o l l o w i n g  data  a re  needed f o r  t h e  
t o p o g r a p h i c  c e r t i f i c a t i o n  o f  Apol lo  l a n d i n g  s i t e s  : 

(1) The s i z e s  and l o c a t i o n s  o f  s m a l l - s c a l e  r e l i e f  
f e a t u r e s  w i t h  v e r t i c a l  d imens ions  o f  1 / 2  meter 
and g r e a t e r .  

*:u'atural .Bnvirznment R Physical S t a n d a r d s  f o r  t h e  Apollo 
Program, Program Document M-D E 8020.008B, SE O l 5 - O O l - l ,  
A p r i l  1965, p a r a g r a p h  5 .8 .  
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It s h o u l d  be n o t e d  t h a t  t h e  above i n f o r m a s i o n  w i l l  
a l s o  be v e r y  h e l p f u l  i n  u n d e r s t a n d i n g  t h e  f o r m a t i v e  p r o c e s s e s .  
T h i s  knowledge is  e s s e n t i a l  i f  c o n f i d e n t  s t a t e m e n t s  are t o  be 
made abou t  s o i l  c h a r a c t e r i s t i c s  o v e r  large areas on t h e  basis o f  
a few p o i n t  measurements.  

( d )  S i t e  Loca t ion  - Data and /o r  p h y s i c a l  a s s i s t a n c e  f o r  
r e d u c i n g  t h e  Apol lo  C . E . P . a r e  r e q u i r e d .  The u s e  o f  a 
marker i n  approach  i s  covered  above ,  u n d e r  " s i z e  of  
s i t e , "  p a r a g r a p h  2 . 1 . 3 . 1 .  The f o l l o w i n g  c o n c e r n s  data  I 

( 2 )  The magn i tudes  and d i s t r i b u t i o n s  o f  l o c a l  s l o p e s  
g r e a t e r  t h a n  5' o v e r  areas l a r g e r  t h a n  a 1 0  meter 
r a d i u s  c i r c l e .  

( c )  J e t  Eros ion  - It i s  c o n c e i v a b l e  t ha t  t h e  l u n a r  s u r f a c e  
s t r e n g t h  i s  more t h a n  s u f f i c i e n t  t o  s u p p o r t  l a n d i n g  
l o a d s  ye t  t h e  r o c k e t  e x h a u s t  i s  c a p a b l e  o f  r a p i d l y  
e r o d i n g  t h i s  s u r f a c e .  I n f o r m a t i o n  i s  c r i t i c a l l y  needed 
a b o u t  s u r f a c e  c h a r a c t e r i s t i c s  which would f a v o r  such  
e r o s i o n .  

I n  o r d e r  t o  e v a l u a t e  t h e  p o t e n t i a l  d u s t  h a z a r d ,  i t  i s  
n e c e s s a r y  t o  de t e rmine  a d e f i n i t i v e  s e t  of t h e  p r o p e r t i e s  l i s t e d  
below: 

(1) S o i l  p a r t i c l e  s i z e s  and d e n s i t i e s  

( 2 )  S o i l  c o h e s i o n  

( 3 )  Angle o f  i n t e r n a l  f r i c t i o n  

( 4 )  S o i l  shear s t r e n g t h  

( 5 )  Lunar s o i l  r e a c t i o n  t o  a p r o p e r l y  s c a l e d  g a s  
impingement t e s t .  

I f  t h e  l u n a r  s o i l  i s  e r o d a b l e  unde r  e x h a u s t  g a s  
impingement,  t h e  t h i c k n e s s  and v a r i a b i l i t y  of  t h e  e r o d a b l e  l a y e r  
w i l l  have t o  be d e t e r m i n e d .  
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needed  f o r  o r b i t a l  n a v i g a t i o n .  

The s i t e  must b e  i d e n t i f i a b l e  from a CM o r b i t i n g  a t  
80 n a u t i c a l  miles  a l t i t u d e .  The l o c a t i o n  o f  t h e  c e n t e r  o f  
t h e  s i t e  s h o u l d  b e  known i n  r e l a t i o n  t o  a t  l eas t  one l u n a r  
s i g h t i n g  mark or emplaced manmade d e v i c e  t o  an  a c c u r a c y  o f  
1 0 0  m or 1 0 %  of t h e  s i t e  diameter wh icheve r  i s  smaller.  

The s i g h t i n g  mark ( s )  s h o u l d  b e  l o c a t e d  t o  an accu racy  
o f  a few hundred  meters r e l a t i v e  t o  one o r  more ma jo r  t e r r a i n  
f e a t u r e s  v i s i b l e  f rom e a r t h .  

2. i. 4 . 2  S u p p o r t i n g  Data 

The f o l l o w i n g  i n f o r m a t i o n  i s  des i r ab le  b u t  n o t  c r i t i c a l :  

( a )  G u a r a n t e e i n g  t h e  homogeneity of  b e a r i n g  s t r e n g t h  a c r o s s  
a s i t e  i s  a ma jo r  t ask ;  r e a s o n a b l e  c o n f i d e n c e  w i l l  be 
o b t a i n e d  on ly  b y  j o i n i n g  t h e  data  w i t h  u n d e r s t a n d i n g  of 
t h e  l u n a r  s u r f a c e  a c q u i r e d  from o t h e r  measurements .  I n  
p a r t i c u l a r  c o r r e l a t i o n  o f  obse rved  p r o p e r t i e s  w i t h  
b r o a d  s c a l e  data from earth-based v i s i b l e ,  i n f r a r e d ,  
radar,  and o t h e r  data may be i n v a l u a b l e .  

Lunar  expe r imen t s  which a i d  i n  t h e  c a l i b r a t i o n  o f  
earth-based expe r imen t s  - as e v a l u a t i o n s  o f  d i e l e c t r i c  
c o n s t a n t  and c o n d u c t i v i t y  f o r  t h e  radar - c o u l d  i n c r e a s e  
t h e  u s e f u l n e s s  o f  t h e  l a t t e r .  Lunar  radar r e f l e c t i v i t y  
p r o p e r t i e s  would b e  o f  u s e  i n  LEM l a n d i n g  radar s t u d i e s .  

o r b i t a l  d e t e r m i n a t i o n  are des i r ab le .  Landmark r e q u i r e -  
ments are unde r  s t u d y .  It a p p e a r s  t h a t  a c c u r a c i e s  
between 500  and 1 , 0 0 0  meters are r e q u i r e d  i f  t h e  land-  
marks are t o  b e  u s e f u l .  The f o l l o w i n g  are  i n t e n d e d  f o r  
p r e l i m i n a r y  gu idance .  

(1) A c c u r a c i e s  b e t t e r  t h a n  500 meters are n o t  h e l p f u l ;  
these  a c c u r a c i e s  are a t t a i n a b l e  i n  t h e  c e n t r a l  
r e g i o n s ,  a t  l e a s t ,  by earth-based t e c h n i q u e s .  

( b )  A d d i t i o n a l l y ,  a number o f  " landmarks"  f o r  backup 
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( 2 )  The need  i s  f o r  " c o n t r o l  p o s i t i o n s "  and t h e  appear -  
ance  ( f rom 80 nm) o f  t h e  landmarks.  

( 3 )  For e a c h  CM o r b i t a l  t r a c k  a t  l e a s t  5 l i g h t e d  land-  
marks l o c a t e d  w i t h i n  2' of t h e  ground t r a c k  are 
des i r ed .  The s p a c i n g  o f  t h e  landmarks i s  o p t i m a l l y  
30" and s h o u l d  n o t  be  l e s s  t h a n  9'. 



2 . 2  Me teo ro id  Environment 

2 . 2 . 1  I n t r o d u c t i o n  

February 9,  1966 

Dur ing  t h e  manned l u n a r  m i s s i o n ,  t h e  Apo l lo  s p a c e c r a f t  
w i l l  sweep o u t  an exposure  ( a r e a - t i m e  p r o d u c t )  of abou t  
1 0  m s e c .  The s i g n i f i c a n t  f l u x  o f  m e t e o r o i d s  i s  t a k e n  as 
10-9 to  10 s e c - l ;  i . e . ,  t h e  d e s i g n  p a r t i c l e s  are  de te r -  
mined from t h i s  f l u x .  S i m i l a r l y ,  t h e  a s t r o n a u t  may accumula te  
an e x p o s u r e  of  lo5 m2 s e c .  The data  c o n c e r n i n g  t h e  f l u x  r a n g e  

t o  m - *  s e c  a r e  " c r i t i c a l " .  I n  a d d i t i o n  t h e r e  may 
be a p o t e n t i a l  h a z a r d  f r o m  secondary  e j e c t a  on t h e  l u n a r  s u r f a c e .  

8 2  

-11 -2 m 

-1 

A m e t e o r o i d  e n c o u n t e r  r e s u l t s  i n  h a z a r d  t o  t h e  m i s s i o n  
i f  a v i t a l  e x t e r n a l  component i s  damaged o r  i f  p u n c t u r e  o f  t h e  
s p a c e c r a f t  w a l l s *  a l l o w s  d e b r i s  t o  damage a v i t a l  i n t e r n a l  
component. 

2 . 2 . 2  Requi red  Data 

T h i s  paragraph summarizes t h e  r e u u i r e d  c r i t i c a l  data 
which are d i s c u s s e d  f u r t h e r  i n  2 . 2 . 4 .  The basis f o r  t h e  de- 
t e r m i n a t i o n  of r e q u i r e d  d a t a ,  a d i s c u s s i o n  of  t h e  n e c e s s a r y  data  
and t h e  e x t e n t  t o  which a v a i l a b l e  data  are  s u f f i c i e n t ,  i s  g i v e n  
i n  2 . 2 . 3 .  

* 
The SP4 w a l l  l a r g e l y  compr i se s  two .016" aluminum shee t s  

A t h i r d  " c u r t a i n "  separa ted  b y  a 1" deep aluminum honeycomb. 
wal l  ( n o m i n a l l y  .01" aluminum) may back up t h i s  s t r u c t u r e  i n  
much of  t h e  area a t  a minimum s p a c i n g  abou t  1". The LEM walls 
are  doub le ;  t h e  o u t e r  i s  .008" aluminum, t h e  i n n e r  a t  l ea s t  
that, b u t  r a n g i n g  t o  more t h a n  .O25" i n  v a r i o u s  areas. Spac ing  
i s  t y p i c a l l y  2".  
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R E Q U I R E D  DATA ( C r i t i c a l )  

( a )  Improved knowledge o f  t h e  p r o p e r t i e s  o f  m e t e o r o i d s  i n  
t h e  f l u x  r ange  o f  i n t e r e s t ;  f l i g h t  t e s t  o f  m e t e o r o i d  
bumper. 

( b )  R e l i a b l e  s c a l i n g  laws for impact  p r o c e s s e s  on complex 
s t r u c t u r e s  a t  m e t e o r o i d  v e l o c i t i e s .  

2 . 2 . 3  E f f e c t s  o f  t h e  Meteoro id  Environment 

I n  o r d e r  t o  p r o t e c t  t h e  s p a c e c r a f t  and a s t r o n a u t  f rom 
m e t e o r o i d s  i t  may be n e c e s s a r y  t o  add mass t o  t h e  s p a c e c r a f t  and 
s p a c e s u i t  o v e r  t h a t  o t h e r w i s e  r e q u i r e d .  To i n s u r e  m i s s i o n  s u c c e s s  
and crew s a f e t y  w i t h  minimum weight  p e n a l t y ,  a c c u r a t e  knowledge 
o f  t h e  p r o b a b i l i t y  o f  s u f f e r i n g  a m e t e o r o i d  p e n e t r a t i o n  i s  
n e c e s s a r y .  

2 . 2 . 3 . 1  Necessary  Data 

The f o l l o w i n g  i n f o r m a t i o n  a b o u t  t h e  m e t e o r o i d  e n v i r o n -  
ment i s  n e c e s s a r y .  

P r o p e r t i e s  o f  m e t e o r o i d s  i n  t h e  r ange  of i n t e r e s t  
( approx ima te ly  t o  10 m s e c  i n  f l u x ) ;  -11 -2  -1 

P h y s i c a l  s t r u c t u r e  o f  m e t e o r o i d s  ( d e n s i t y  and g e o m e t r i c  
shape a r e  o f  p r i m a r y  i m p o r t a n c e ,  chemica l  compos i t ion  
and mechanica l  s t r e n g t h  are  o f  s econdary  impor t ance  f o r  
t h e  d e t e r m i n a t i o n  o f  impact  p r o p e r t i e s ) ;  

Bumper per formance  o f  m u l t i p l e  wall  s t r u c t u r e s ;  

D e f i n i t i o n  o f  t h e  f l u x  d i s t r i b u t h n  i n  s p a c e  and 
t i m e  ( s h o w e r s )  t o  f a c i l i t a t e  improvements i n  d e s i g n  
e f f i c i e n c y  and o p e r a t i o n a l  s c h e d u l i n g .  
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2 . 2 . 3 . 2  C u r r e n t  S t a t u s  o f  Necessary Data 

The c u r r e n t  s t a t u s  of i n f o r m a t i o n  on t h e  m e t e o r o i d  
h a z a r d  i s  as f o l l o w s :  

( a )  The f lux-mass d i s t r i b u t i o n  i s  u n c e r t a i n  b y  an o r d e r  
of  magni tude i n  t h e  r ange  o f  i n t e r e s t .  The v e l o c i t y  
d i s t r i b u t i o n  i s  p o o r l y  d e f i n e d .  

( b )  T y p i c a l  m e t e o r o i d s  a p p e a r  t o  have low d e n s i t y  and 
appear t o  be f r a g i l e ;  t h e y  are d e s c r i b e d  as d u s t  
b a l l s .  The p e n e t r a t i n g  p r o p e r t i e s  o f  such  me teo ro id  
s t r u c t u r e s  cannot  r e a d i l y  be  de t e rmined .  Depending on 
t h e  d e t a i l e d  s t r u c t u r e  of a p r o j e c t i l e  i t s  c a p a b i l i t y  
of  p e n e t r a t i n g  a g iven  t a r g e t  v a r i e s  g r e a t l y .  

l i m i t e d  t o  v e l o c i t i e s  l ower  t h a n  m e t e o r o i d  v e l o c i t i e s .  
No data  are a v a i l a b l e  on t h e  impact  o f  a d u s t  b a l l .  
I n f o r m a t i o n  conce rn ing  normal  impact  on s i n g l e  
wal l  and two shee t  s t r u c t u r e s  i s  n e a r l y  adequa te .  
I n f o r m a t i o n  on t h e  more complex s t r u c t u r e s  and on 
t h e  f a i l u r e  modes i s  i n a d e q u a t e .  

( c )  H y p e r v e l o c i t y  i m p a c t  measurements are g e n e r a l l y  

(d-1 The  p u n c t u r e  r a t e  of  small  s i n g l e - s h e e t  s t r u c t u r e s  
i n  s p a c e  ( E x p l o r e r  X V I  and X X I I I )  i s  s u b s t a n t i a l l y  
lower  t h a n  r a t e s  p r e d i c t e d  u s i n g  t h e  c u r r e n t  Apol lo  
model. T h i s  g rea t ly  lowers  c o n f i d e n c e  i n  t h e  under- 
s t a n d i n g  o f  e x i s t i n g  m e t e o r o i d  i n f o r m a t  i o n .  

I n  summary, c o n s i d e r a b l e  u n c e r t a i n t y  i n  estimates o f  
t h e  me teo ro id  h a z a r d  remains .  

2 . 2 . 4  Requi red  Data ( I n  o r d e r  of' p r i o r i t y )  

2 . 2 . 4 . 1  C r i t i c a l  Data 

The f o l l o w i n g  i n f o r m a t i o n  i s  c r i t i c a l l y  needed:  

( a )  Improved knowledge o f  t h e  p r o p e r t i e s  o f  m e t e o r o i d s  i n  
-11 -2 -1 t h e  f l u x  r ange  of  i n t e r e s t  (flux: t o  1 0  m s e c  ) ;  
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(The parameters measured s h o u l d  b e  d i r e c t l y  p e r t i n e n t  
t o  s p a c e c r a f t  damage. I n  p a r t i c u l a r ,  f l i g h t  t e s t  
o f  a m e t e o r o i d  bumper c o n f i g u r a t i o n  i s  s t r o n g l y  
urged .  An o u t e r  shee t  t h i c k n e s s  comparable  w i t h  
t h e  LEM ( .008~l aluminum) o r  SM ( .01611 aluminum) 
i s  d e s i r a b l e ) .  

Ground-based h y p e r v e l o c i t y  impact  s t u d i e s  d i r e c t e d  
a t  t h e  b a l l i s t i c  l i m i t  and f a i l u r e  modes o f  complex 
s t r u c t u r e s  comparable  w i t h  t h e  SM and LEM. ( E x p e r i -  
menta l  and t h e o r e t i c a l  s t u d i e s  s h a l l  be c l o s e l y  com- 
b i n e d  i f  t h e s e  da t a  a r e  t o  b e  a p p l i c a b l e  t o  me teo ro id  
i m p a c t s ) .  

S u p p o r t i n g  Data 

The f o l l o w i n g  i n f o r m a t i o n  i s  des i r ab le  b u t  n o t  c r i t i c a l  

I n c r e a s e d  knowledge of  t h e  p r o p e r t i e s  of m e t e o r o i d s  o u t s i d e  
t h e  f l u x  r a n g e  o f  d i r e c t  i n f l u e n c e ;  

(Meteo ro id  f l u x e s  a d j a c e n t  t o  t h e  r a n g e  o f  d e s i g n  i n t e r e s t ,  
p a r t i c u l a r l y  i f  damage t o  complex s t r u c t u r e s  i s  e v a l u a t e d ,  
o r  i f  t h e  c h a r a c t e r i z a t i o n  o f  t h e  p a r t i c l e s  is comple te  - 
as by s i m u l t a n e o u s  measurement of  mass, v e l o c i t y  and 
d e n s i t y ,  e t c .  -would b e  e x t r e m e l y  v a l u a b l e ) .  

I n c r e a s e d  knowledge o f  h y p e r v e l o c i t y  impact  phenomena 
n o t  d i r e c t l y  a p p l i c a b l e  t o  Apol lo  s t r u c t u r e s  b u t  
o t h e r w i s e  i n c r e a s i n g  o u r  u n d e r s t a n d i n g  o f  t h e  i n t e r -  
a c t i o n  of  h i g h  v e l o c i t y  (10-70  km/sec) p r o j e c t i l e s  
w i t h  m a t e r i a l s ;  

S t u d i e s  o f  t h e  t i m e  v a r i a t i o n  of t h e  m e t e o r o i d  f l u x  
i n  t h e  c r i t i c a l  f lux-mass r a n g e  ( m e t e o r o i d  shower 
s t u d i e s )  ; 

Design c o n f i r m a t i o n  measurements on m e t e o r o i d  e r o s i o n ,  
t h e  space  v a r i a t i o n  o f  m e t e o r o i d  f l u x ,  and on l u n a r  
secondary  e j e c t  a .  

The s u p p o r t i n g  data  l i s t e d  i n  s u b p a r a g r a p h s  ( a )  and ( b )  
above c o u l d  y i e l d  a b r o a d  base of u n d e r s t a n d i n g  w i t h i n  which 
c r i t i c a l  da ta  could  be  more r e a d i l y  i n t e r p r e t e d  and e x t e n d e d .  
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The supporting data listed in subparagraphs (c) and 
(d) above could improve the efficiency of design o r  of flight 
operations. 
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2 . 3  R A D I A T I O N  ENVIRONMENT 

2 . 3 . 1  I n t r o d u c t i o n  

The Apollo s p a c e c r a f t  i s  s u b j e c t e d  t o  r a d i a t i o n  -- 
e l e c t r o m a g n e t i c  and c o r p u s c u l a r .  The i n t e n s i t y  i s  q u i t e  v a r i a b l e .  
The magne t i c  f i e l d s  o f  t h e  e a r t h  and of' t h e  s o l a r  s y s t e m  c a u s e  
a marked s p a t i a l  dependence of charged  p a r t i c l e  i n t e n s i t i e s ;  
so la r  d i s t u r b a n c e s  c a u s e  a marked t ime dependence.  Three 
phenomena a re  c o n s i d e r e d :  s o l a r  cosmic r a y  e v e n t s ,  t r a p p e d  
r a d i a t i o n  b e l t s ,  and g a l a c t i c  cosmic rays .  

The Apollo s p a c e c r a f t  passes r a p i d l y  t h r o u g h  t h e  
t r a p p e d  r a d i a t i o n  b e l t ,  and t h e  dose  r e c e i v e d  i s  small p r o v i d i n g  
t h e  c o n f i g u r a t i o n  o f  t h e  b e l t s  i s  n o t  g r o s s l y  changed. The 
g a l a c t i c  cosmic r a y  i n t e n s i t y  i s  small enough t o  be  i g n o r e d  i n  
a two-week mis s ion .  Thus,  t h e  r a d i a t i o n  h a z a r d  t o  Apol lo  i s  
p r i m a r i l y  t h e  r e s u l t  of severe  s o l a r  cosmic r a y  e v e n t s .  Such 
e v e n t s  l a s t  s e v e r a l  days  b u t  o c c u r  i n f r e q u e n t l y .  

2 . 3 . 2  Requi red  Data 

which are  d i s c u s s e d  f u r t h e r  i n  2 . 3 . 4 .  The basis f o r  t h e  de te r -  
m i n a t i o n  of  requi red  data ,  a d i s c u s s i o n  of  t h e  n e c e s s a r y  data  
and t h e  e x t e n t  t o  which t h e  a v a i l a b l e  da t a  a re  s u f f i c i e n t ,  i s  

T h i s  p a r a g r a p h  summarizes t h e  r e q u i r e d  c r i t l c a l  data 

g i v e n  i n  

R E Q U I R E D  

( a >  

( b )  

( C >  

2 .3 .3 .  

D A T A  ( C r i t i c a l )  

D i r e c t  measurement o f  cosmic r a y  e v e n t s ;  i n t e n s i t y ,  
spec t rum and compos i t ion  s h o u l d  b e  known as a f u n c t i o n  
o f  time. 

Improved u n d e r s t a n d i n g  o f  t h e  b i o l o g i c a l  e f f e c t s  of  
s o l a r  cosmic r ays .  

I n d i r e c t  measurements of  s o l a r  cosmic r a y s  t o  a i d  
i n  comparing t h e  s e v e r i t y  of t h e  2 0 t h  s o l a r  Cycle  
t o  t h a t  o f  t h e  1 9 t h .  
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2 . 3 . 3  E f f e c t s  o f  t h e  R a d i a t i o n  Environment 

I n  g e n e r a l ,  r a d i a t i o n  damage t o  t h e  s p a c e c r a f t  

Miss ion  s u c c e s s  and c r e w  s a f e t y  may b e  a f f e c t e d  i f  
s y s t e m s  i s  n e g l i g i b l e  compared w i t h  t h e  e f f e c t  on t h e  a s t r o -  
n a u t s .  
i l l n e s s  t e m p o r a r i l y  i n c a p a c i t a t e s  t h e  a s t r o n a u t  a t  a c r u c i a l  
p o i n t  i n  t h e  m i s s i o n ,  and t h i s  c o n s i d e r a t i o n  d e t e r m i n e s  t h e  
maximum p e r m i s s i b l e  emergency d o s e .  

S i n c e  t h e  s h i e l d i n g  o f f e r e d  by t h e  LEM and by t h e  
s p a c e s u i t  i s  small  r e l a t i v e  t o  t h e  CM*,  any r a d i a t i o n  dose  
r e c e i v e d  d u r i n g  t h e  l u n a r  s u r f a c e  pa r t  o f  t h e  m i s s i o n  i s  
l i k e l y  t o  dominate  t h e  t o t a l .  A s  a r e s u l t  t h e r e  i s  c o n s i d e r a b l e  
emphasis  on a b o r t  modes w h i c h  s h o r t e n  or e l i m i n a t e  t h e  l u n a r  
s t a y .  The r a d i a t i o n  h a z a r d  a f f e c t s  p r i m a r i l y  m i s s i o n  s u c c e s s  
r a t h e r  t h a n  crew s a f e t y .  

2 . 3 . 3 . 1  Necessary  Data 

By t h e  t i m e  o f  t h e  f i r s t  manned l u n a r  m i s s i o n  t h e  
f o l l o w i n g  data  s h o u l d  be  a v a i l a b l e  t o  t h e  Apollo program: 

S o l a r  Cosmic Ray Events  

A t a b u l a r  su rvey  o f  t h e  p r o p e r t i e s  i n  c i s l u n a r  
s p a c e  o f  s o l a r  cosmic r a y  e v e n t s  i s  n e c e s s a r y .  
The p r o p e r t i e s  observed  s h o u l d  i n c l u d e  com- 
p o s i t i o n ,  i n t e n s i t y ,  and spec t rum as a f u n c t i o n  
o f  t i m e .  T h i s  t a b u l a t i o n ,  t o g e t h e r  w i t h  data  
from e a r l i e r  s o l a r  c y c l e s ,  w i l l  b e  used  t o  t e s t  e s t i -  
mates o f  m i s s i o n  s a f e t y ,  and t o  p e r f e c t  p l a n s  f o r  t h e  
o p e r a t i o n a l  avoidance  o f  h a z a r d .  

( 2 )  Mis s ion  s u c c e s s  w i l l  s u f f e r  because  o f  unnecessa ry  
a b o r t s ,  u n l e s s  a r e l i a b l e  warn ing  scheme i s  
deve loped .  I d e a l l y ,  such  a scheme would g i v e  

~~ 

*LEM % 0.15 gm/cm 2 , s u i t  % 0 . 2  gm/cm 2 , CM 1 0 %  o f  t h e  
s o l i d  a n g l e  1 . 5  gm/cm2, 9 0 %  ve ry  t h i c k .  



I 
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s e v e r a l  h o u r s  warn ing  o f  a s e v e r e  e v e n t  w i t h  h igh  
r e l i a b i l i t y  f o r  i n - f l i g h t  a b o r t .  Longterm warn ings  
o f  l e s s e r  a c c u r a c y  may a l s o  b e  u s e f u l .  Data a l l o w i n g  
a r e l i ab le  warning  s y s t e m  t o  b e  deve loped  s h o u l d  be  
o b t a i n e d .  

2 . 3 . 3 . 2  Curren t  S t a t u s  of  Necessary  Data 

( a )  S o l a r  Cosmic Ray Even t s  

Cur ren t  s o l a r  cosmic r a y  t a b u l a t i o n s  i n c l u d e  
abou t  50 e v e n t s ,  f rom t h e  l a s t  ( 1 9 t h )  s o l a r  
c y c l e ;  o n l y  t h e  years  s i n c e  1 9 6 0  are  w e l l  
covered  b y  d i r e c t  s a t e l l i t e  measurement.  O f  
t h e  ground based  d a t a  some ( p o l a r  cap a b s o r p t i o n )  
e x t e n d  we l l  back i n t o  t h e  1 8 t h  c y c l e ,  bu t  t h e  
c a l i b r a t i o n  o f  t h i s  data  i s  l i m i t e d  by  o u r  
l a c k  o f  knowledge o f  t e r r e s t r i a l  magnet ic  f i e l d  
c o n f i g u r a t i o n  d u r i n g  t h o s e  e v e n t s .  The b e s t  
warn ing  s y s t e m s  now ava i l ab le  combine o p t i c a l  
and r a d i o  o b s e r v a t i o n s  of t h e  s o l a r  f l a r e .  
The u s e f u l n e s s  o f  warn ing  i s  l i m i t e d  b y  t h e  fa l se  
a l a r m  ra te .  Although s t u d i e s  i n d i c a t e  t h a t  
improvement i s  l i k e l y ,  t h e  f a l s e  alarm ra t e  a t  
p r e s e n t  i s  u n a c c e p t a b l y  h i g h  ( two f a l se  f o r  one 
t r u e )  b e f o r e  t h e  a r r iva l  o f  s o l a r  cosmic rays .  
Event s i z e  can  b e  p r e d i c t e d  w i t h i n  a f a c t o r  
o f  t h r e e .  

( 2 )  L i m i t e d  b i o l o g i c a l  inf*Drmation e x i s t s  f o r  
exposures  t o  x-rays and n e u t r o n s .  No s u f f i c i e n t l y  
e x t e n s i v e  s t u d i e s  have been  made of  p r o t o n  and  
e l e c t r o n  e x p o s u r e s .  

2 . 3 . 4  - Requi red  Data ( I n  o r d e r  o f  p r i o r i t y )  

2.3.4.1 

( a )  

C r i t i c a l  Data 

The f o l l o w i n g  data  are c r i t i c a l l y  needed :  

D i r e c t  measurement of  cosmic r a y  e v e n t s .  I n t e n s i t y ,  
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spec t rum and composi t ion  shou ld  be known a s  a f u n c t i o n  
of t i m e .  
c h a r a c t e r i s t i c  of p a r t i c l e  f l u x e s  i n  c i s l u n a r  space  
shou ld  be  v i r t u a l l y  con t inuous .  "Seve re"  e v e n t s ,  con- 
s i d e r e d  a s  t h o s e  having  i n t e g r a l  i n t e n s i t i e s  g r e a t e r  
t h a n  10 8 p a r t i c l e s  p e r  s q u a r e  c e n t i m e t e r  above a r i g i d i t y  
of 239 Mv (30 Mev e n e r g y ) ,  a r e  of p a r t i c u l a r  i n t e r e s t .  
For p r o t o n s  t h e  ene rgy  r a n g e  from 10-100 Mev i s  c r i t i c a l ,  
and 1-300 MeV, of i n t e r e s t .  It is i m p o r t a n t  t h a t  e s t i m a t e s  
of t h e  c h a r a c t e r i s t i c s  of each  e v e n t  be  r e p o r t e d  t o  MSF a t  
t h e  e a r l i e s t  p o s s i b l e  t ime,  s o  t h a t  t h e y  may be c o r r e l a t e d  
w i t h  o b s e r v a t i o n s  b y  t h e  deve lopmenta l  warning sys tem,  and 
so  t h a t  the  s i g n i f i c a n c e  of t h e  event f o r  r a d i a t i o n  d e s i g n  
models may be r a p i d l y  a s s e s s e d .  

The c a p a b i l i t y  of making s a t e l l i t e  measurements 

Improved u n d e r s t a n d i n g  i s  needed on t h e  e f f e c t s  of exposure  
of man t o  s o l a r  cosmic r a d i a t i o n .  I n v e s t i g a t i o n s  of t h e  
r a d i a t i o n  damage p r o c e s s e s  would be v e r y  h e l p f u l .  The 
p a r t s  of  t h e  body most s e n s i t i v e  t o  r a d i a t i o n  should  be 
i d e n t i f i e d .  V a r i a t i o n s  i n  t h e  s e n s i t i v i t y  of men t o  
r a d i a t i o n  shou ld  be examined, a s  shou ld  means of a m e l i o r a t -  
i n g  t h e  e f f e c t  of  a g iven  d o s e .  
- i n d i r e c t  lilcZSiiicemefitS sf s s l a r  c n s m i c  r a y s ,  e s p e c i a l l y  
P o l a r  Cap A b s o r p t i o n  measurements and n e u t r o n  mon i to r  
measurements a r e  n e c e s s a r y  t o  show whether  or n o t  t h e  
20 th  s o l a r  c y c l e  is comparable i n  s e v e r i t y  t o  t h e  1 9 t h .  
S t u d i e s  of t h e  e a r t h ' s  magne t i c  f i e l d  d u r i n g  t h e  e v e n t s  
should  h e l p  i n c r e a s e  t h e  u s e f u l n e s s  of t h e  d a t a  a s  f a r  
a s  i n t e r p r e t a t i o n  i s  concerned .  

2 .3 .4 .2 .  S u p p o r t i n g  Data 

The f o l l o w i n g  d a t a  a re  d e s i r a b l e  b u t  n o t  c r i t i c a l :  

S t u d i e s  of t h o s e  a r e a s  of s o l a r  p h y s i c s  r e l a t e d  t o  t h e  
o r i g i n  of s o l a r  cosmic r a y s  and t o  t h e i r  p r o p a g a t i o n  
th rough  t h e  i n t e r p l a n e t a r y  medium a r e  s i g n i f i c a n t .  
Measurements of a n c i l l a r y  f l a r e  phenomena, such  as n e u t r o n ,  
x - r ay ,  and r a d i o  f l u x e s ,  a r e  encouraged .  The number of 
s e v e r e  s o l a r  cosmic r ay  e v e n t s  w i l l  be much t o o  small 
for s t a t i s t i c a l  t r e a t m e n t ;  h i g h  c o n f i d e n c e ,  e i t h e r  i n  
d e s i g n  models or i n  warning sys t ems  w i l l  be ga ined  o n l y  

Moni to r ing  and t a b u l a t i o n  of e l e c t r o n  and p r o t o n  f l u x e s  
i n  t h e  t r a p p e d  r a d i a t i o n  b e l t s ;  

i ;h~*ougil  ui?derstSnd ifig.  

E v a l u a t i o n  of t h e  i n t e r a c t i o n  of  r a d i a t i o n  w i t h  s p a c e c r a f t .  
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3 . 0  REPORT1 N G  

3 . 1  Envi ronmenta l  Data R e p o r t s  

A summary l i s t i n g  o f  t h e  s u b j e c t  matter o f  r e q u i r e d  
data r e p o r t s  i s  g i v e n  below. Amplifying i n f o r m a t i o n  i s  found 
i n  t h e  pa rag raph  c i t e d  i n  p a r e n t h e s e s  a f t e r  each  s u b j e c t  r e p o r t .  

3 . 1 . 1  C r i t i c a l  Data 

Lunar S u r f a c e  Environment 

1. Bear ing  s t r e n g t h  ( 2 . 1 . 4 . 1  ( a )  ) 

2 .  Topography ( 2 . 1 . 4 . 1  ( b )  ) 

3.  J e t  E r o s i o n  ( 2 . 1 . 4 . 1  ( c )  ) 

4 .  S i t e  L o c a t i o n  ( 2 . 1 . 4 . 1  ( d )  ) 

Meteoro id  Environment 

1. Improved knowledge of  t h e  p r o p e r t i e s  o f  m e t e o r o i d s  
-11 i n  t h e  f l u x  r a n g e  of i n t e r e s t ;  ( f l u x :  t o  10 

m s e c  ) t h e  measured parameters b e i n g  d i r e c t l y  
p e r t i n e n t  t o  s p a c e c r a f t  damage. F l i g h t  t e s t  o f  
me teo ro id  bumper. ( 2 . 2 . 4 . 1  ( a )  ) 

-2 -1 

2 .  Ground based s t u d i e s  o f  t h e  b a l l i s t i c  l i m i t  and 
f a i l u r e  modes o f  complex s t r u c t u r e s .  ( 2 . 2 . 4 . 1  ( b )  

R a d i a t i o n  Environment 

1. D i r e c t  measurement o f  s o l a r  cosmic r a y  e v e n t s  
( 2 , 3 . 4 . 1  ( a )  

2 .  B i o l o g i c a l  e f f e c t  of such  r a d i a t i o n  ( 2 . 3 . 4 . 1  ( b )  ) 

3.  I n d i r e c t  measurement of  s o l a r  cosmic r a y s  
( 2 . 3 . 4 . 1  ( c )  ) 
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3 . 1 . 2  S u p p o r t i n g  Data 

( a )  Lunar S u r f a c e  Environment 

1. Supplementary  e a r t h - b a s e d  o b s e r v a t i o n s  ( 2 . 1 . 4 . 2  ( a )  ) 

2 .  Landmarks for backup o r b i t a l  d e t e r m i n a t i o n  
( 2 . 1 . 4 . 2  ( b )  ) 

( b )  Meteo ro id  Environment 

1. I n c r e a s e d  knowledge o f  t h e  p r o p e r t i e s  o f  m e t e o r o i d s  
a d j a c e n t  t o  t h e  f l u x  range  i n t e r e s t ,  i f  damage 
t o  complex s t r u c t u r e s  i s  measured,  o r  i f  me teo ro id  
c h a r a c t e r i z a t i o n  i s  comple te .  ( 2 . 2 . 4 . 2  ( a )  ) 

2 .  H y p e r v e l o c i t y  impact  measurements i n c r e a s i n g  our 
u n d e r s t a n d i n g  o f  t h e  i n t e r a c t i o n  o f  h i g h  v e l o c i t y  
p r o j e c t i l e s  w i t h  materials ( 2 . 2 . 4 . 2  ( b )  ) 

3.  T i m e  v a r i a t i o n  o f  t h e  m e t e o r o i d  f l u x  i n  t h e  
c r i t i c a l  f lux-mass r ange  ( m e t e o r o i d  shower s t u d i e s )  
( 2 . 2 . 4 . 2  ( c )  

4 .  Design c o n f i r m a t i o n  measurements on me teo ro id  
e r o s i o n ,  on t h e  space  v a r i a t i o n  o f  me teo ro id  f l u x ,  
and en lmir s e c n n d a r y  e j e c t a  ( 2 . 2 . 4 . 2  ( d )  ) 

( c )  R a d i a t i o n  Environment 

1. O r i g i n  and p r o p a g a t i o n  o f  s o l a r  cosmic r a y s  
( i n c l u d i n g  measurement o f  n e u t r o n ,  x - r a y  and 
r a d i o  f l u x e s )  ( 2 . 3 . 4 . 2 ' ( a )  ) 

2 .  Mon i to r ing  and  t a b u l a t i o n  o f  e l e c t r o n  and p r o t o n  
f l u x e s  i n  t r a p p e d  b e l t s  ( 2 . 3 . 4 . 2  ( b )  ) 

3. E v a l u a t i o n  of  t h e  i n t e r a c t i o n  o f  r a d i a t i o n  w i t h  
s p a c e c r a f t  ( 2 . 3 . 4 . 2  ( e )  ) 
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4 . 0  IMPLEMENTING PROCEDURES 

I n  o r d e r  t o  a s s u r e  t h a t  t h e  r e q u i r e d  e n v i r o n m e n t a l  
data  are  a v a i l a b l e  t o  t h e  Apol lo  Program i n  t h e  a p p r o p r i a t e  form,  
q u a n t i t y  and s c h e d u l e ,  c e r t a i n  i n t e r - o f f i c e  l i a i s o n  and  r e p o r t -  
i n g  p r o c e d u r e s  w i l l  be f o r m a l i z e d  by agreement  between t h e  
o f f i c e s  concerned .  

4 . 1  L i a i s o n  

I n  each o f f i c e  conce rned  (OMSF, OSSA, OAHT)  a repre-  
s e n t a t i v e  shou ld  be d e s i g n a t e d  as t h e  o f f i c i a l  r e s p o n s i b l e  f o r  
c o o r d i n a t i n g  a l l  a c t i v i t i e s  connec ted  w i t h  Apol lo  e n v i r o n m e n t a l  
data  s u p p o r t  w i t h i n  h i s  o r g a n i z a t i o n  i n c l u d i n g  t h e  p r e p a r a t i o n  
and submiss ion  o f  r e p o r t s .  Monthly c o o r d i n a t i o n  mee t ings  o f  
t hese  r e p r e s e n t a t i v e s  s h o u l d  be  h e l d  i n  a d d i t i o n  t o  i n f o r m a l  
c o n t a c t s  as n e c e s s a r y .  

4 . 1 . 1  E s t a b l i s h m e n t  

The O f f i c e  o f  Manned Space F l i g h t  ( A p o l l o  Program) 
by  s e p a r a t e  co r re spondence  w i l l  p ropose  t h a t  these  r e p r e s e n -  
t a t  i v e s  be d e s i g n a t e d .  

4 . 2  R e p o r t i n g  

F l i g h t  which a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s u b p a r a g r a p h s  a r e :  
The r e p o r t s  r e q u i r e d  by  t h e  O f f i c e  of  Manned Space 

( a )  S u p p o r t i n g  Programs Summary Repor t  

( b )  S u p p o r t i n g  Program Repor t  

( c )  Data Report '  

4 . 2 . 1  Suppor t ingrPrograms Summary Repor t  

The S u p p o r t i n g  Programs Summary Repor t  l i s t s  t h e  
programs" which a r e  p roposed  t o  be i n  s u p p o r t  of  Apol lo  r e q u i r e -  
ments w i t h  a b r i e f  d e s c r i p t i o n  of e a c h .  

*See d e f i n i t i o n ,  page 3. 
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T h i s  r e p o r t  i s  r e q u e s t e d  w i t h i n  4 weeks o f  t h e  e f f e c -  
t i v e  d a t e  o f  t h i s  document. The r e q u i r e m e n t  f o r  t h i s  r e p o r t  
i s  a n n u a l .  

4 . 2 . 2  S u p p o r t i n g  Program Report  

The S u p p o r t i n g  Program Report  i s  a comprehensive 
r e p o r t  which t r e a t s  an  i n d i v i d u a l  program t e n t a t i v e l y  d e t e r m i n e d  
b y  MSF t o  b e  i n  s u p p o r t  o f  Apollo r e q u i r e m e n t s .  
c o n t e n t  o f  t h i s  r e p o r t  i s  i n d i c a t e d  b y  t h e  format  shown i n  Appendix 
A .  T h i s  r e p o r t  i s  r e q u i r e d  w i t h i n  8 weeks o f  t h e  t e n t a t i v e  d e t e r -  
m i n a t i o n  by  MSF t h a t  a program i s  i n  s u p p o r t .  
d e t e r m i n a t i o n  i s  communicated by s e p a r a t e  co r re spondence  from MSF 
subsequen t  t o  rev iew b y  MSF o f  t h e  S u p p o r t i n g  Programs Summary 
Rersort . 

The- s u g g e s t e d  

T h i s  t e n t a t i v e  

V e r i f i c a t i o n  of  t h e  v a l i d i t y  o f  a S u p p o r t i n g  Program 
Repor t  s h a l l  be made q u a r t e r l y  by  l e t t e r .  T h i s  r e p o r t  s h o u l d  b e  
amended upon t h e  o c c a s i o n  o f  a ma jo r  change i n  program p l a n ,  
s c h e d u l e ,  or c a p a b i l i t y .  

4 . 2 . 3  Data Report  

The Data Report  t r a n s m i t s  e n v i r o n m e n t a l  data  produced  
b y  a s u p p o r t i n g  program. it respur ids  t o  t h e  r e q u i r e m e n t s  f n r  
da ta  s t a t e d  i n  S e c t i o n  2 and  l i s t e d  i n  S e c t i o n  3. I t  s h o u l d  b e  
s u b m i t t e d  q u a r t e r l y  and upon t h e  o c c a s i o n  o f  t h e  o b t a i n i n g  o f  
s i g n i f i c a n t  new data .  The  s p e c i f i c  c o n t e n t ,  format  and s c h e d u l e  
for i n d i v i d u a l  Data Repor t s  w i l l  b e  as a g r e e d  t o  i n  i n d i v i d u a l  
S u p p o r t i n g  Program C e r t i f i c a t i o n s  (Appendix B) . 

4 . 3  C e r t i f i c a t i o n  

It i s  n e c e s s a r y  t o  a c h i e v e  and r e c o r d  i n t e r - o f f i c e  
agreement  i n  t h e  m a t t e r  of S u p p o r t i n g  Programs ( i n c l u d i n g  data 
r e p o r t s ) .  The method of  r e c o r d i n g  these  agreements  i s  g i v e n  
below.  

4 .3 .  I S u p p o r t i n g  Programs 

Upon t h e  d e t e r m i n a t i o n  b y  MSF based on a rev iew o f  
a S u p p o r t i n g  Program Report  t h a t  a program i s  i n  s u p p o r t  o f  
A p o l l o  r e q u i r e m e n t s  an agreement t o  t h a t  e f f e c t  w i l l  b e  s i g n e d  
b y  a e s i g n a i e d  officials sf MSF and the a p p r o p r i a t e  r e c i p i e n t  
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o f f i c e .  Each such  agreement  s h a l l  be appended t o  t h i s  docu- 
ment and w i l l  c o n s t i t u t e  a f o r m a l  p a r t  t h e r e o f .  These ag reemen t s  
s h a l l  be  i d e n t i f i e d  as Appendix B-1 ,  B-2, B-3,  and s o  on. 
T h i s  agreement  s h a l l  c o n t a i n  t h e  f o l l o w i n g :  

( a )  Program i d e n t i f i c a t i o n  

( b )  Program d e s c r i p t i o n  

( c )  Program s c h e d u l e  

( d )  Mission a s s i g n m e n t s  

( e )  Data Repor t  ( c o n t e n t  ( i n c l u d i n g  end-i tem d e s c r i p t i o n )  
and s c h e d u l e )  

These agreements  s h a l l  be  amended as r e q u i r e d  t o  be  
i n  a c c o r d  w i t h  t h e  a p p r o p r i a t e  v a l i d  S u p p o r t i n g  Program Repor t .  
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5 . 0  APPENDICES 

APPENDIX A 

T h i s  append ix  p r o v i d e s  i n  o u t l i n e  form a s u g g e s t e d  
c o n t e n t  o f  t h e  S u p p o r t i n g  P r o g r a m  Report  d e s c r i b e d  i n  p a r a g r a p h  
4 . 2 . 2  o f  t h e  t e x t .  It i n d i c a t e s  t h e  o r g a n i z a t i o n  o f  t h e  
r e p o r t  and t h e  l e v e l  o f  d e t a i l ,  b o t h  program and t e c h n i c a l ,  which 
i s  d e s i r e d .  A t  t h e  o p t i o n  of  t h e  r e s p o n d e n t ,  p o r t i o n s  o f  t h e  
r e p o r t  may b e  cove red  o r  a m p l i f i e d  by a t t a c h e d  r e f e r e n c e s .  

k - i  PROGRAM DESCRIPTION 

A .  F l i g h t  programs 

(1) Schedu le  

( 2 )  Mis s ion  a s s ignmen t s  ( o b j e c t i v e s ,  p r o f i l e ,  e t c . )  

( 3 )  S p a c e c r a f t  per formance  
. .  
( 4  j S p a c e c r a f t  r e l i a b i l i t y  

B .  Ground-based programs 

(1) Schedu le  o f  c a p a b i l i t y  growth or o f  Apol lo  s u p p o r t  
i n v e s t i g a t i o n s  

(2) O b j e c t i v e s ,  e t c .  

( 3 )  S u p p o r t i n g  f a c i l i t i e s  and equipment 

( a )  D e s c r i p t i o n  

( b )  A v a i l a b i l i t y  
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A- 2 INSTRUMENTS AND DATA REDUCTION 

A .  Apol lo  S u p p o r t  I n s t r u m e n t  ( f o r  e a c h )  

(1) d i r e c t l y  measured p a r a m e t e r s :  r a n g e ,  e t c .  

B .  Data A n a l y s i s  

(1) O r g a n i z a t i o n  

( 2 )  Methods ( i n c l u d i n g  c a l i b r a t i o n  o f  raw data  and 
e r r o r  a n a l y s i s )  

( 3 )  Schedu le  

( 4 )  End i tems 

A-3 SUPPORT OF APOLLO 

A .  Program S t r a t egy  

R e l a t i o n  of data r e t u r n e d  t o  Apol lo  r e q u i r e d  data;  
c r i t i c a l  and  s u p p o r t i n g .  How, and how much 
program w i l l  improve s t a t u s .  

B .  Miss ion  p l a n s  

Ob ta in ing  Data: Re tu rn  of  Apo l lo  r e q u i r e d  data  
as a f u n c t i o n  o f  t ime 

(1) Nominal 

( 2 )  Cont ingency  p l a n n i n g :  b ranch  
p o i n t s  i n  p l a n ,  

( 3 )  C e r t i t u d e  o f  o b t a i n i n g  Apol lo  
r e q u i r e d  data 

C .  Del iverable  End Items 

(1) Schedu le  o f  Data Re tu rn  
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( 2 )  End I tem Content 

( a )  Apo l lo  Environmental  data 

( b )  U n c e r t a i n t i e s  

( c )  Associa ted  program performance data  

( d )  Format 
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B-2 

B- 3 

B-4 

B-5 
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APPENDIX B 

( ou t  l i n e  1 

SUPPORTING PROGRAM CERTIFICATION 

Program I d e n t  i f i c a t  i on 

Program D e s c r i p t i o n  

Program Schedule 

Mission Assignments 

Data  Report 

1. Content 

a .  End i tem d e s c r i p t i o n  

b. Environmental  data 

c .  U n c e r t a i n t i e s  

2 .  Schedule 

B-6 Agreement 


